Background and Purpose-Stroke affects ≈700 000 patients annually. Recent randomized controlled trials comparing endovascular thrombectomy (ET) with medical therapy, including intravenous thrombolysis (IVT) with tissue-type plasminogen activator, have shown effectiveness of ET for some stroke patients. The study objective is to evaluate the effect of ET on good outcome in stroke patients. Methods-We searched PubMed, Embase, Web of Science, SCOPUS, ClinicalTrials.gov, and Cochrane databases to identify original research publications between 1996 and 2015 that (1) reported clinical outcomes in patients for stroke at 90 days with the modified Rankin Scale; (2) included at least 10 patients per group; (3) compared outcome with a control arm, and (4) 
I
ntravenous thrombolysis (IVT) with tissue-type plasminogen activator (tPA) has been the only established therapy for acute management of ischemic stroke. 1, 2 The efficacy of IVT is time dependent and limited to within 4.5 hours of symptom onset. 3 In addition, >90% of patients with ischemic stroke are ineligible for tPA because of contraindications, including recent surgery, history of intracranial hemorrhage (ICH), and late presentation. 4, 5 Despite its efficacy, IVT fails to achieve recanalization in over half of patients with middle cerebral artery occlusion and even more patients with more proximal occlusions. [6] [7] [8] [9] [10] [11] [12] To improve rates of recanalization and increase the number of stroke patients with effective treatment, the emergence of local therapies, including intra-arterial thrombolysis and endovascular thrombectomy (ET), has generated great interest in the stroke community. The mechanisms of action for ET devices vary, often categorized as first or second generation methods. First generation techniques include mechanical disruption by catheter manipulation, aspiration through proximal suction, and removal by coil retrievers that wrap around thrombus before catheter removal. Second generation devices consist of stent retrievers that incorporate the thrombus within the device and remove the thrombus as the stent is removed. 13 Early studies comparing intra-arterial thrombolysis agents with standard therapy were promising. 14 However, the use of older or no intravenous thrombolytic agents among controls limited these results' applicability for clinical practice. 15, 16 Furthermore, practitioners increasingly used a combination of pharmacological and mechanical approaches. 17 Several following studies that included mechanical devices failed to show significant benefit over
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standard therapy alone, [18] [19] [20] [21] leading to equipoise regarding the true efficacy of ET. Advocates of ET posited that delays in achieving reperfusion, lack of appropriate patient selection with advanced imaging, and first-generation devices contributed to the neutral results.
Within the last year, 5 randomized controlled trials (RCTs), Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke (MR CLEAN), 22 Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion With Emphasis on Minimizing CT to Recanalization Times (ESCAPE), 23 Extending the Time for Thrombolysis in Emergency Neurological Deficits-IntraArterial (EXTEND-IA), 24 Solitaire FR With the Intention for Thrombectomy as Primary Endovascular Treatment of Acute Ischemic Stroke (SWIFT PRIME), 25 and Randomized Trial of Revascularization With Solitaire FR Device Versus Best Medical Therapy (REVASCAT) 26 have shown significant benefit of ET over standard therapy. The purpose of this metaanalysis is to investigate the overall effect of ET in aggregate and to examine the data for benefit in clinically important subgroups.
Methods

Search Methods for Identification of Studies
A detailed systematic biomedical literature search was executed in the following databases: PubMed, EMBASE, SCOPUS, Web of Science (WOS), the Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov. The search strategy was conducted using both the controlled vocabulary of each database and plain language keywords for the terms: stroke, brain infarction, cerebral infarction, anterior cerebral artery infarction, middle cerebral artery infarction, posterior cerebral artery infarction, brain ischemia, thrombectomy, endovascular procedures, embolectomy, and thrombolytic therapy. The final search results were limited to the range of years 1996 to 2015 (March 11, 2015) . Two additional RCTs 23, 24 were published after the original search, but were included in this analysis at the discretion of the authors.
Inclusion Criteria
RCTs comparing mechanical thrombectomy with the standard of care in patients with acute ischemic stroke were eligible for analysis. The study population of interest included patients >18 years with ischemic stroke caused by an anterior circulation intracranial occlusion who underwent either ET using a mechanical device or standard therapy. In addition to the primary intervention with ET, patients in the intervention arm could also receive either intra-arterial thrombolysis or IVT as adjunctive treatment.
Inclusion criteria required that studies must (1) examine human subjects; (2) be published in full and in English; (3) directly compare ET using mechanical thrombectomy with the standard of care, which included IV-tPA for eligible patients; (5) contain at least 10 subjects; (6) report modified Rankin Scale (mRS) at 90 days; (7) include confirmation of anterior circulation stroke defined either clinically or by imaging in each arm; and (8) define specifically the alternative treatments received in the control arm, which must be accrued concurrently. We did not require imaging confirmation of large-vessel occlusion for inclusion in this meta-analysis.
Selection of Studies
One review authors (C.J.O., C.K.Y., and A.B.B.) screened titles and abstracts obtained from database searches. Two of the authors (C.J.O., C.K.Y., and A.B.B.) independently reviewed each article of potentially relevant abstracts against inclusion criteria. We resolved disagreements in inclusion by discussion.
Assessment of Risk of Bias in Included Studies
Two review authors (C.K.Y. and A.B.B.) independently assessed the methodological quality of the included trials. We resolved any disagreements by discussion. We assessed the methodological quality of the studies using an 11-category scoring system developed by the authors ( Figure I in the online-only Data Supplement). The Quality Assessment Scoring System was created using criteria from the Jadad Scale for quality of RCTs 27 and the NewcastleOttawa Scale 28 for quality of observational studies and modified to fit the topic at hand. Scores ranged from 0 to 12 with a higher score indicating higher quality. A minimum score of 7 was required to be included for analysis (Table I in the online-only Data Supplement). A quality evaluation was performed to ensure that only studies with high methodological quality were included and to limit potential bias.
Data Extraction
The authors extracted data from the included studies in an unblinded fashion using published articles, as well as supplementary materials and post hoc analysis. The data extraction sheet contained sections on (1) study characteristics; (2) ET therapy patient characteristics; (3) ET therapy outcomes; (4) standard of care patient characteristics; (5) standard of care outcomes; and (6) reported outcomes for the subgroups based on age, National Institute of Health Stroke Scale (NIHSS), and administration of IV-tPA.
In studies reporting outcomes as a percentage of the total population, the number of subjects in each group was calculated using the total population and listed percentage for each group. In trials reporting outcomes only as an odds ratio (OR), the 95% confidence interval and total number of subjects were used to calculate the SE and weight the results
Outcome Measures
The primary outcome of interest was the proportion of patients with a favorable mRS score of 0 to 2 at 90 days post intervention. The mRS score is a widely validated and accepted measure of clinical outcome reported in all major stroke trials and ranges from 0 (fully independent without symptoms or deficit) to 6 (death). 29, 30 Secondary outcome measures of death at 90 days and symptomatic ICH were also recorded. Patients were pooled into an ET arm and a standard of care arm for all trials. Patients were also stratified based on type of study.
In addition to the data mentioned above, the authors collected rate of IVT in ET and control arms, comorbid medical conditions (diabetes mellitus, coronary artery disease, heart failure, atrial fibrillation, sex, race, history of stroke, and tobacco use), source of stroke, NIHSS, stent(s) used, complication rates, and time to intervention. If available, the authors collected data on the conflicts of interest reported in the included studies.
Statistical Analysis
Statistical analysis was performed using STATA CORP LP (TX) to create a random effects model for each outcome. The authors chose a random effects model over a fixed effects model because of possible heterogeneity among studies and patient populations. We assessed primary and secondary outcomes using an OR weighted by inverse variance of the measure in each individual trial. Subgroup analysis was performed for patients receiving IVT versus no IVT, patients classified as older versus younger age groups, and patients classified as severe NIHSS score versus less severe NIHSS score. We assessed heterogeneity using Cochrane's Q test and the I 2 statistic and used Egger's test and visual inspection of the forest plot to assess for publication bias. Meta-regression was used to determine whether study-related factors could account for some portion of heterogeneity.
We were not able to analyze the impact of symptom onset to puncture times because of the heterogeneity in study design. Previous metaanalyses have studied the impact of symptom onset to puncture times on recanalization. 31, 32 by guest on August 5, 2017 http://stroke.ahajournals.org/ Figure 1 outlines the search and selection process for the meta-analysis. Our detailed search gathered 23 809 studies total from PubMed, EMBASE, SCOPUS, WOS, Cochrane, and ClinicalTrials.gov. After excluding studies, article review was performed on 162 studies. One hundred fifty-three studies were excluded after article review. Data were extracted from 9 articles. One study 21 provided only data from the larger Interventional Management of Stroke III (IMS III) trial, 19 so was extracted for possible use in subgroup analysis. Data from the larger trial were included in all subsequent analyses. A total of 8 studies comprising 2049 patients were included for analysis.
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Results
Search Results and Study Characteristics
Table shows salient characteristics of the included studies. Included studies were published between 2011 and 2015. Earlier studies did not meet our inclusion and quality criteria. All studies reported follow-up data at 90 days. Eight RCTs consisting of 2049 patients met inclusion criteria. [18] [19] [20] [22] [23] [24] [25] [26] 
Baseline Characteristics
Mean or median age was similar between intervention arms in all studies (Table) . Baseline covariates were measured in all studies, although several studies did not report baseline characteristics. No study reported significant differences between intervention arms.
Clinical Outcomes
Primary Outcome
The primary outcome measure of this study was good outcome, defined by mRS score of 0 to 2 at 90 days of follow-up. Figure  2 shows the pooled odds for good outcome among all included studies. Because of its requirement for inclusion, all studies reported this outcome measure. RCTs showed pooled odds of 1.75 (1.20-2.54) for good outcome. Restricting to those 6 studies-all except Local Versus Systemic Thrombolysis for Acute Ischemic Stroke (SYNTHESIS) trial-requiring confirmed large arterial occlusion, patients undergoing ET had even stronger odds for good outcome (OR, 2.00; 95% CI, 1.48, 2.71; Figure II in the online-only Data Supplement).
In all studies, ET patients showed good outcome in 43.2% of patients, whereas control arm showed good outcome in 30.9% of patients for an absolute risk reduction of 12.3% and a number needed to treat of 8. In the RCTs reported in 2015, 46.1% of ET patients had good outcome, whereas only 26.4% of control patients had good outcome, for a number needed to treat of 5.
Secondary Outcomes Subgroup Analysis for Good Clinical Outcome (mRS score, 0-2 at 90 days)
In all subgroup analyses, ET demonstrates an increased OR for good outcome. Subgroups of younger patients had increased odds of mRS score 0 to 2 at 90 days, (OR, 1.85; 95% CI, 1.50-2.28), as did subgroups of older patients (OR, 1.93; 95% CI, 1.10-3.37; Figure III in the online-only Data Supplement). The age cutoff for younger and older subgroups differed by study and only 4 of 8 studies reported age-stratified results.
Despite varying rates of IVT in intervention arms, 6 of 8 studies reported either 100% IVT in the ET arm or reported subgroup analysis of patients receiving IVT in ET and control arms ( Figure 
Mortality and Postintervention Symptomatic ICH
The authors gathered 90-day mortality data in all studies (Figure 3) . Pooled ORs suggest lower odds of death in patients 
Heterogeneity of Studies
Analysis of our primary outcome suggested significant heterogeneity among all studies (I 2 =71.8%; P=0.001). We performed meta-regression to assess whether covariates and study quality explain the heterogeneity of the study for the primary outcome measure. Using meta-regression, publication year and study type explained 32.7% of heterogeneity, leaving residual heterogeneity of 44.4% (I2 adj =44.4%, R2 adj =32.7%).
Publication Bias
Publication bias was assessed using Egger's test and funnel plot analysis (Figure 4 ). Egger's test (P=0.635) did not demonstrate evidence of publication bias. 33 Funnel plot analysis 34 did not suggest bias in included studies.
Discussion
As the recent positive trials suggest, [22] [23] [24] [25] [26] and in accordance with recent systematic reviews and meta-analyses before publication of the most recent trials, 35 ,36 a pooled analysis of all studies that directly compared ET with standard therapy demonstrated improved likelihood of achieving a good functional outcome (defined as mRS score, 0-2) at 90 days. This is despite the large weights accorded to the previous neutral trials of IMS III and SYNTHESIS. Using the most recent data in the 5 RCTs reported in 2015, the pooled number needed to treat was 5 for ET for patients with stroke secondary to radiographically confirmed proximal occlusion of the anterior circulation, provided that the interventional team is able to begin treatment within the 6-to 8-hour window after symptom onset. One RCT 23 showed positive results with patients enrolled ≤12 hours after symptom onset, although the study is not powered to evaluate the efficacy of ET near the 12-hour window. Thus, this analysis does not pinpoint the optimal time frame for ET. Previous work has shown the benefit of streamlined time to recanalization in promoting good clinical outcome. 31, 32 The authors hypothesize that shorter time to recanalization promotes improved outcome from proximal occlusion of the middle cerebral artery or internal carotid artery. However, various other imaging and clinical factors may affect the effective time window for ET, requiring further study to further define the appropriate patient population for ET.
Several factors are likely responsible for the differences in results between earlier and more recent RCTs. The recent review by Prabhakaran et al 32 nicely demonstrates the association of reperfusion rate and time to reperfusion with good clinical outcome. In addition to advances in device engineering, interventionists have become more accustomed to using these mechanical devices, stroke centers have become more familiar with how to expedite intervention, and patient selection is more sophisticated. The limitation of eligible patients to those with confirmed large vessel occlusions homogenized the patient population in more recent trials. The lack of vascular imaging selection in almost half of patients in IMS III led to the inclusion of distal or no artery occlusions in 21% of patients in the treatment arm. 37 However, when IMS III investigators retrospectively studied patients with confirmed large vessel occlusion, their results favored the use of ET. 21 We used the data for patients with confirmed large artery occlusion from IMS III to present a more accurate picture of the state of ET.
Among subgroups, patients receiving IV-tPA prior to ET had a significant improvement in outcome (OR, 1.83; 95% CI, 1.46-2.31; Figure IV in the online-only Data Supplement). In patients with more clinically severe stroke (varying among studies between an NIHSS delineation of [14] [15] [16] [17] [18] [19] [20] , likelihood of mRS score of 0 to 2 was most pronounced (OR, 2.23; 95% CI, 1.56-3.18; Figure VA in the online-only Data Supplement), suggesting that this subset of patients may benefit most from intervention. Thrombectomy was also favored in a pooled analysis of those determined to have clinically moderate stroke under a range of 14 to 20 (OR, 1.72; 95% CI, 1.36-2.18; Figure  VB in the online-only Data Supplement). The increased effectiveness of ET in patients with higher NIHSS may be a direct result of the confluence of 3 effects-the increase in stroke severity with proximal occlusion, 38 the decreased recanalization rate of IV-tPA in proximal occlusions, [6] [7] [8] [9] [10] and worse outcomes in patients not achieving recanalization after stroke. 37 In studies that performed analysis on older subgroups, patient age ranged from 70 to >80 years. Overall, their benefit favored ET (OR, 1.93; 95% CI, 1.10-3.37; Figure III in the online-only Data Supplement). Our analysis revealed no significant increase in symptomatic ICH in patients who underwent ET. In addition, there was no difference in mortality at 90 days between ET and standard therapy.
Although publication bias is a potential problem in any meta-analysis, an examination of such bias graphically with a funnel plot and statistically with Egger's test showed no evidence of bias (Figure 4 ). This is unsurprising for the included RCTs, given their careful study design and execution.
Limitations
Our study is limited by the following factors. First, despite the increasing use of mechanical devices, the studies examined used a variety of devices, as well as chemical thrombolytic methods, within their endovascular treatment arms, contributing to heterogeneity. Second, there is always inherent risk in meta-analysis of bias within the component studies that cannot be completely addressed. Despite these limitations, our study has multiple strengths. We conducted a comprehensive and rigorous search of studies in 
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Conclusions
We conducted an up-to-date and comprehensive systematic review and meta-analysis of mechanical thrombectomy based on literature over the past 20 years. Our results reinforce the most current RCTs that ET improves good outcomes after anterior circulation stroke, regardless of prior IV therapy. Our results suggest that older patients with good premorbid functional status may benefit from ET as well. Symptomatic ICH risk and mortality are similar between those who undergo ET and those who undergo standard therapy. Recent large, well-executed RCTs suggest a number needed to treat of ≈5 for ET. Given these findings, ET should be strongly considered for all patients with moderate to severe strokes affecting a proximal vessel of the anterior circulation. On page 3181, Discussion section, the first sentence of the third paragraph, "Among subgroups, the improvement in outcome remained significant regardless of whether patients received IV-tPA before therapy or not (OR, 1.83; 95% CI, 1.46-2.31; OR, 1.59; 95% CI, 0.86-2.95; Figure IV in the online-only Data Supplement)" has been changed to read, "Among subgroups, patients receiving IV-tPA prior to ET had a significant improvement in outcome (OR, 1.83; 95% CI, 1.46-2.31; Figure IV in the online-only Data Supplement)."
